Aim: Canine Parvovirus (CPV) is an emerging and re-emerging virus of canines. The study was undertaken to analyze VP2 gene of CPV in the isolates from dogs positive for CPV infection. Methods: The rectal swabs were collected from dogs suspected of CPV and subjected to PCR and nested PCR. The regions compared in the study were Punjab to represent north part of India and Assam to represent north-eastern part of India. The sequence analysis of VP2 gene of CPV was done using NCBI BLAST from the isolates which were positive for CPV by nested PCR. Further, phylogenetic analysis was done to understand the prevailing antigenic type of CPV from northern and north eastern part of India. Results: The sequence analysis revealed that all the sequences of VP2 gene from the samples had 98-99% homology with Canine Parvovirus and phylogenetic analysis revealed that CPV 2a antigenic type is circulating in both the regions selected in the study.
INTRODUCTION
Canine Parvovirus (CPV) is a DNA virus having single stranded linear genome of approximately 5 Kb length. It has two open reading frames viz. ORF 1 coding for structural proteins (VP1, VP2, VP3) and ORF 2 coding for non-structural proteins (NS1 and NS2) [1] . VP2 is the major capsid protein that plays an important role in the determination of antigenicity and host range of CPV. Mutations in the VP2 gene are mainly responsible for evolving different antigenic variants of CPV [2] . Continuous emergence of newer strains of CPV is an ever growing concern among dog owners, breeders and veterinarians around the world. The knowledge of genetic variations of VP2 is of immense help in identifying the emerging CPV strains and is crucial for development of newer vaccines. Since the emergence of CPV-2 from feline panleukopenia virus in 1978, many variants of CPV 2 have evolved worldwide within a short span of time. The antigenic types of CPV prevalent worldwide are CPV2a, CPV 2b, CPV 2c, New CPV2a, New CPV 2b [3, 4, 5, 6, 7, 8] . The antigenic types of CPV vary only in their VP2 gene and that too only 0.1% i.e. difference is of one or two amino acids at position 426 and/or 222 amino acid. Though a number of diagnostic methods have been used for the diagnosis of CPV and typing of CPV like PCR, Nested PCR, Real Time PCR, HA/HI, electron microscopy [9] but with very less difference in their VP2 gene it is necessary to confirm the antigenic type by sequence analysis of VP2 gene of the virus as sequence and phylogenetic analysis of VP2 gene of CPV gives a better understanding of the prevailing antigenic type in a region. Therefore in the present study the VP2 gene of CPV was amplified and sequence analyzed to understand the circulating antigenic type/s of CPV in selected areas of northern and north-eastern part of India. 
MATERIALS AND METHODS

Sample Collection
Extraction of Genomic DNA from Samples
The DNA was extracted from samples using phenol-chloroform extraction method described by Sambrook and Russell [10] . Briefly, to the 600 µl of the sample 20 µl of proteinase K (20 mg/ml) and 20 µl of SDS (10%) were added. The samples were then vortexed and incubated at 56ºC in a water bath for 3 hours. Then equal volume of phenol: chloroform: isoamyl alcohol (25:24:1) was added and centrifuged at 13, 000 rpm for 15 minutes. After centrifugation aqueous layer was collected and equal volume of chloroform: isoamyl alcohol (24:1) was added. They were mixed gently and centrifuged at 13, 000rpm for 15 minutes. To the supernatant was added 1/10 th volume sodium acetate (3M, pH 5.2) and equal volume of isopropanol and mixed gently and kept at -20°C overnight for precipitation of DNA. The next day pellet was collected by centrifugation at 12, 000rpm for 10 minutes. The pellet was washed twice with 70% ethanol and dried in incubator at 37°C. The pellet was suspended in 35 µl of nuclease free water and stored at -20°C till further use.
Polymerase Chain Reaction (PCR) and Nested PCR (NPCR) for the Detection of CPV
Extracted DNA was subjected to PCR and Nested PCR to identify CPV in samples using primers described by Mizak and Rezuztka [11] . The PCR reaction was set up by adding 5.0 µl of 10X PCR buffer (with 15 mM MgCl 2 ), 1.0 µl each of forward (5'-AGCTATGAGATCTGAGACAT-3') and reverse primer (5'-AGTATGTTAATATAAT TTTCTAGGTGC-3') (20 pm/µl), 1.0 µl of dNTPs mix (10 mM), 1 U Taq DNA polymerase, 15 µl of the template DNA and final volume was made up to 50 µl using nuclease free water.
NPCR reaction was set up by adding 5 µl of PCR product from above reaction, 2.5 µl of 10X PCR buffer (with 15 mM MgCl 2 ), 1.0 µl each of forward (5'-ATACAGGAAGATATCCAGAAG-3') and reverse primer (5'-AGTATGTTAATATA ATTT TCTAGGTGC-3') (20 pm/µl), 1.0 µl of dNTPs (10 mM), 1 U Taq DNA polymerase and volume was made up to 25µl by adding nuclease free water. The approximate band size obtained by nested PCR was 548bp.
The cycling conditions for the PCR and NPCR were as follows; 35 cycles of denaturation at 94°C for 60S, annealing at 55°C for 60S, elongation at 72°C for 150S and a final elongation at 72°C for 10 min in a thermocycler (Veriti, Life Technologies, USA). 
Sequence Analysis
From the total samples positive for CPV by nested PCR 9 samples were selected randomly five from Punjab (n=5) and four from Assam (n=4) and one vaccine (Megavac, Indian Immunologicals) for sequence analysis (Eurofins, India). The sequences received were analyzed using NCBI BLAST (https://blast.ncbi.nlm.nih.gov) and compared with the available genome database. Further, phylogenetic analysis was done using ClustalW (https://www.genome.jp › tools-bin › clustalw) to compare the sequences available of Indian and world isolates of CPV.
RESULTS AND DISCUSSION
Out of 100 samples, a total of 77 samples (n = 48 from Punjab and n = 29 from Assam) were positive via NPCR. Out of these positive samples, a total of nine samples (five from Punjab and four from Assam) and one vaccine sample were commercially sequenced for their partial VP2 gene. After sequencing, these sequences were analyzed using NCBI BLAST and it was observed that all the samples had 98-99% homology with Canine Parvovirus VP2 gene. When these sequences from the samples were compared using ClustalW with the already sequenced VP2 sequences from different parts of India and also from the world (GenBank), it was observed that the sequences aligned best with VP2 of CPV 2a antigenic type in comparison to CPV 2b and CPV 2c antigenic types. Further, when the phylogenetic analysis was done to analyze the sequences of the samples and the vaccine, it was observed that the sequences of the samples formed a similar clad with CPV 2a sequences (Fig. 1a ) from different parts of India and world whereas formed a separate clad when compared with CPV 2b (Fig. 1b) and CPV 2c types (Fig. 1c) . Also, CPV 2a was observed in both the selected regions of Punjab and Assam representing the northern and north eastern part of the country.
The results of the study are similar with the work of many earlier researchers from India and various parts of world who have analyzed the sequence of VP2 gene of CPV for typing of CPV to understand the prevailing antigenic type of CPV. The capsid protein VP2 has been compared for different types of CPV types and it has been found that the various types of CPV differ in one or two amino acid sequences [12] . Therefore the researchers have cloned full length VP2 gene from the field isolates of CPV and sequence analyzed it and upon comparison with Indian and world isolates have observed regional genetic variation in CPV types [5] . Sequence analysis of the virus gene further indicated that the genomic organization of CPV was similar to feline panleukopenia virus (FPV) and the nucleotide and amino acid homologies were 98% and 99% for CPV and FPV, respectively [13] . Similar to the findings of our study many earlier researchers too have observed CPV 2a in various parts of India by sequence analysis of VP2 gene of CPV. To characterize the field isolates of Canine parvovirus many researchers from various parts of India have conducted antigenic typing of VP2 gene indicating presence of CPV 2a type in the region of study [3, 14, 15] . Some have also indicated presence of New CPV 2a type in southern India [16] . Further few researchers have also indicated the presence of both CPV2a and CPV2b in their study [3, 15] . Similar studies have been conducted in various parts of the world to analyze the circulating CPV type in dogs and similar results have been observed [17, 18] . For example in Korea they have observed CPV2a type mainly circulating and new variant of CPV 2a type in Beijing, China. They have also observed few CPV 2b types circulating in their region of study. They further observed that the amino acid sequences of type 2a isolates were similar to CPV 2a isolates from other parts of the world and type 2b had similar amino acid sequences to type 2b isolates from Asia, Italy, and U.S.A.
CONCLUSION
The present study conducted to sequence analyze the VP2 gene of Canine Parvovirus from the field isolates of dogs suffering from gastroenteritis in the regions of Punjab and Assam revealed that CPV 2a is circulating in the regions of Punjab and Assam part of India. Further sequence analysis of VP2 gene from more number of field isolates can throw better light on the prevailing antigenic type of CPV in various parts of India.
